The nick translation property of DNA polymerase I (Pol I) ensures the maturation of 27 Okazaki fragments by removing primer RNAs and facilitating ligation. However, prolonged 28 nick translation traversing downstream DNA is an energy wasting futile process, as Pol I 29 simultaneously polymerizes and depolymerizes at the nick sites utilizing energy-rich dNTPs. 30 Using an in vitro assay system, we demonstrate that the -clamp of the Escherichia coli 31 replisome strongly inhibits nick translation on the DNA substrate. To do so, -clamp inhibits 32 the strand displacement activity of Pol I by interfering with the interaction between the finger 33 subdomain of Pol I and the downstream primer-template junction. Conversely, -clamp 34 stimulates the 5' exonuclease property of Pol I to cleave single nucleotides or shorter 35 oligonucleotide flaps. This single nucleotide flap removal at high frequency increases the 36 probability of ligation between the upstream and downstream DNA strands at an early phase, 37 terminating nick translation. Besides -clamp-mediated ligation helps DNA ligase to seal the 38 nick promptly during the maturation of Okazaki fragments. 39 40 42
Introduction 41
In replicating E. coli cells, DNA polymerase III (Pol III) holoenzyme is the major opening and binding to the single-stranded (ss) DNA region of a primer-template junction [9-
The choice of exo -Klenow of Pol I, in which the entire small domain containing 5'-183 exonuclease activity is missing could be non-ideal, because the observed effects might be due 184 to a conformational change rather than stemming from the loss of 5'-exonuclease activity. To 185 test this issue, we generated a mutated version of Pol I, which encodes 3'-and 5'-186 exonuclease-free Pol I (exo -Pol I) but retains both of the domains. Using the exo -Pol I, we 187 show that the pattern of paused complexes (dotted zones at the lanes 2 and 3; Fig 2B) was 188 comparable to the paused complexes observed with the exo -Klenow (Fig 2A) in both the 189 absence and presence of the template loaded -clamp. This data indicates that the elimination 190 of 3' and 5'-exonuclease activities, but not the deletion of small domain, induce the observed 191 paused complexes in the absence or presence of the template loaded -clamp. As visually 192 observed, exopol I was apparently more efficient in producing 67 nucleotides long product 193 than exo -Klenow in the absence of template loaded β-clamp (Fig 2A and 2B ).
-clamp promotes ligation at an early stage of nick-translation 195
Apart from Pol I, DNA ligase also interacts with the -clamp [19] . Therefore, the Fig 1C) . We roughly estimated this contribution of ligase 208 function during nick translation, introducing a new parameter, we termed as "relative ligation 209 frequency" (RLF), that has maximum and minimum values 1 and 0, respectively, by 210 definition (see the Methods section for detail). Thus, RLF is a normalized value or factor that 211 accounts the intensity difference of the 67 bases long product originated in the presence and 212 absence of ligase. Using the formula, RLF is estimated to be 0.84 and 0.96 in the absence and 213 the presence of -clamp, respectively ( Fig 1C) with a statistically insignificant p-value (0.07,
214
T-test) suggesting that -clamp did not influence the RLF. However, unlike the absence of - 3B, respectively), suggesting that only template-loaded -clamp has the said effect.
290
Therefore, the absence of the cross-linked adducts in the presence of -clamp indicates that 291 the latter affects the interaction between the exo -Klenow and the downstream DNA ( Fig 3A) , 292 affecting strand displacement function during nick translation (Fig 2) . 
